Background and objectives: Concern about primary fistula failure may contribute to the underuse of arteriovenous fistula. The objective of this study was to investigate the baseline clinical parameters associated with primary fistula success.
G iven the well-documented advantages of arteriovenous fistula (AVF) over arteriovenous graft and central venous catheter (CVC), the current Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines suggest that AVF should be attempted as the initial vascular access in at least 50% of incident patients and that at least 40% of prevalent hemodialysis (HD) patients should undergo dialysis with an AVF (1) (2) (3) (4) (5) . Despite these recommendations, it is clear that AVF are underused in many centers in North America, especially when compared with European centers (6, 7) . Recent data suggest that only 32% of prevalent US HD patients undergo dialysis with an AVF (8) . In Canada, AVF are used by 53% of prevalent and only 26% of incident HD patients (7) .
One of the fears that may reduce the use of AVF is the high primary fistula failure rate (i.e., failure of AVF to mature) (9) . Identifying risk factors that contribute to primary fistula failure may help clinicians and patients make an informed decision as to for whom to attempt an AVF. Only a few studies have prospectively examined the risk factors associated with primary fistula failure, which has been reported in 20 to 50% of patients (9 -12) .
Most studies that have evaluated factors that are associated with primary fistula failure have typically used a retrospective design. For instance, Miller et al. (10) reported higher primary fistula failure rate in older and female patients with diabetes, although small numbers and a highly selected patient population limit the generalizability of these results. Feldman et al. (13) published data from a larger cohort (348 patients), reporting a primary success rate of 54%. Preexisting cerebrovascular disease, older age, and commencement of dialysis before access creation were noted to be associated with higher primary fistula failure in their study. Ravani et al. (11) noted that cardiovascular disease and late referral to nephrologists were associated with lower primary AVF success in patients from northern Italy.
More recently, Lok et al. (14) studied a cohort of 422 HD patients who were undergoing their first AVF placement to identify preoperative clinical characteristics that are predictive of fistula failure to mature and to use this information to develop a prediction rule to estimate the risk for fistula failure to mature. This prediction rule was validated in an external data set from five North American centers. Age, peripheral vascular disease, coronary artery disease, and white race all were associated with fistula failure to mature in their study; however, in this and the previously mentioned studies, it is not clear whether there was any consistent surgical assessment performed perioperatively to guide fistula placement; as such, the results may not be applicable to programs that use pre-or intraoperative surgical assessment to guide fistula placement.
Given these uncertainties, we sought to determine the association of various baseline clinical parameters with primary fistula success in a cohort that consisted of all incident dialysis patients between July 1, 1999, and November 1, 2001, in Calgary, Alberta, Canada, the majority of whom had an indirect assessment of vessel diameter intraoperatively to guide the location of fistula placement.
Concise Methods

Patient Population and Data Collection
All patients who commenced dialysis between July 1, 1999, and November 1, 2001, were included in this study. Demographic and clinical data were collected via an electronic database (15) . The database was maintained by a team of information technologists. The presence of comorbid illness was assessed as of the date of dialysis initiation by complete review of the patients' inpatient and outpatient record (containing all information pertaining to medical and surgical consultations and all previous hospital admissions) and by direct patient interview by a trained nursing research assistant. Information was collected for the 19 variables that constitute the Charlson comorbidity index (16) , which has been validated for use in patients with ESRD (17,18) (Appendix 1).
Surgical information was obtained from the ALTRA database, an electronic medical record that captures all vascular access surgical data prospectively. Information was entered by the vascular access surgeons at the time of surgery. Vascular access monitoring was done and information was entered into the database by two full-time vascular access coordinators (both registered nurses). In addition, information on surgical approach to selection of patients for AVF was collected by interview of each surgeon by one of the authors (B. Murphy). Surgeons were classified into two groups on the basis of their surgical approaches. Group 1 surgeons adhered to the following algorithm. If the physical examination of the patients' nondominant arm revealed an "adequate" radial and ulnar artery pulsation at the wrist, then they went on to explore surgically the distal cephalic vein. If this vein was patent and allowed the insertion of a 3-mm-diameter garret dilator 10 cm proximally, followed by the insertion of an umbilical catheter 30 cm proximally, then they proceeded to explore the distal radial artery. They carried out exactly the same sequence of catheter insertion in the artery. If the artery was of sufficient internal diameter to allow comfortable catheter insertion (Ն3 mm), then they proceeded to create an end-to-side radiocephalic anastomosis. If any of these vessels were too small, then they abandoned radiocephalic fistula surgery and commenced a similar process with the cephalic vein at the elbow. Between the time of determination of a suitable vein and before arterial exploration, the patient was given 3000 to 5000 U of heparin intravenously. If a suitable cephalic vein at the elbow was discovered (based on the previous criteria), then a brachiocephalic (upper arm) fistula was created and, if not, then a brachiobasilic loop graft was created. This algorithm depended predominantly on vessel size, rather than demographic or comorbid characteristics; however, in "better" surgical candidates, borderline vessel size might not preclude a radiocephalic fistula attempt, whereas it might in "poorer" surgical candidates. The other surgical approach (group 2) relied on the perioperative appraisal of the arterial and venous anatomy without the aid of dilators or catheters. This more liberal approach allowed some patients with smaller vessels to receive radiocephalic fistulas. End-to-side anastomosis was carried out in AVF that were created by both surgical approaches.
We defined primary fistula success as a fistula that afforded an extracorporeal blood flow of at least 300 ml/min, for at least 3 h, using an arterial and a venous needle, for a minimum of three consecutive dialysis sessions. The research nurse reviewed all of the HD run sheets to assess the status of the fistula using a standard form. In a minority of cases, usually when patients underwent dialysis in satellite units remote from Calgary, run sheets could not be reviewed. In these cases, outcomes were assessed by one of the authors' directly contacting the dialysis center. Ethical approval was obtained for the study from the Conjoint Research Ethics Board at the University of Calgary.
Statistical Analyses
A two-sided t test and a two-sample test of proportions were used to compare differences in continuous and categorical variables, respectively. 2 tests were used to test for the association between primary fistula success and individual demographic characteristics and comorbid variables. Age and Charlson score were categorized into Ͻ65 or Ն65 and less than the mean or more than or equal to the mean for analysis, respectively. The association between individual components of the Charlson score and primary fistula success was assessed using univariate and multivariate logistic regression using fistula success as a dependent variable and clinical parameters, surgical location, and surgical approach as independent variables. We assessed for co-linearity between diabetes, ischemic heart diseases, peripheral vascular disease, and cerebral vascular disease. We also tested for significant interactions between radiocephalic or brachiocephalic AVF and gender, diabetes, and surgical approach.
Results
A total of 356 patients commenced renal replacement therapy in the Southern Alberta Renal Program during the study period Figure 1 . Trial profile.
( Figure 1 ). fistulas attempted as the first vascular access. The overall primary success rate was 64% and was similar in both types (63.7% in radiocephalic fistula and 64.1% in brachiocephalic fistula). Surgical approaches 1 and 2 were used in 133 and 72 fistula surgeries, respectively. Surgeons who used approach 1 were more likely to attempt a brachiocephalic fistula as the first vascular access compared with surgeons who used approach 2 (64.6 versus 26.4%, respectively). Among patients who had a brachiocephalic fistula attempted, the primary fistula success rate was higher in surgeons who used approach 1, compared with approach 2 (70 versus 42%; P ϭ 0.025). The proportion of patients who had primary fistula success (unadjusted) was high in all patient subgroups (range 44 -86%; mean 64%; Table 3 ).
Next, we performed multivariate logistic regression to determine which clinical, demographic, and comorbid factors were associated with primary fistula success. We noted a significant interaction (P Ͻ 0.05) between fistula location and gender and between fistula location and surgical approach when predicting the likelihood of fistula success in the overall model, and, as such, we reported the regression model for radiocephalic and brachiocephalic fistula separately. Table 4 reports the results of the logistic regression for radiocephalic fistula. Male gender was the only factor that was significantly associated with success (odds ratio 3.57; 95% confidence interval 1.36 to 9.38; P ϭ 0.01). Notably, the presence of comorbid conditions, when included as the individual components (Tables 4 and 5 ) or as a continuous variable (i.e., as the Charlson score; data not shown), was not associated with primary fistula success. In brachiocephalic fistula, the only factor associated with primary fistula success was surgical approach. This may have been because surgeons in group 1 selected better candidates for brachiocephalic fistula on the basis of larger vessel sizes (i.e., surgeons in group 2 were less selective and more likely to place radiocephalic fistula in patients). There was no association between age, gender, or comorbidity and fistula success in brachiocephalic fistulas. We constructed a separate model to examine the determinants of choosing brachiocephalic fistula over radiocephalic fistula. This analysis revealed that female patients and patients who were operated on using surgical approach 1 were more likely to have a brachiocephalic AVF placed (data not shown).
Discussion
In an incident HD cohort, we report a high primary fistula success rate (64%), which is notable given the high proportion of fistulas attempted in this incident population. Despite higher patient comorbidity compared with other reports in the literature, none of the comorbid diseases was noted to influence primary fistula success in our study. It is likely that comorbid factors do influence primary fistula success through their association with vascular disease; however, appropriate surgical selection of patients on the basis of careful assessment of vasculature may make existence of comorbid diseases on their own less important. Despite significant patient comorbidities, the proportion of AVF attempted locally during this study (69%) is similar to the rate reported in a study by Allon et al. (12) when venous mapping was routinely performed (64%). Historically, AVF are more commonly used in European centers, as recently demonstrated in the Dialysis Outcomes and Practice Patterns Study (DOPPS) (19) . Higher rates of primary fistula success have also been reported in European centers (11) , which may be due to lower rates of patient comorbidity, including diabetes, congestive heart failure, and peripheral vascular diseases (7) . The results of the DOPPS I survey suggest that the preference of the medical directors of dialysis units in North America might also contribute to underuse of AVF (20) ; however, AVF are still underused in North American centers despite most medical directors' and vascular access surgeons' preference for AVF, as noted in the recent DOPPS II study (7) .
Both our data and the observations of Feldman et al. (13) are in keeping with the notion that the ultimate predictor of primary fistula success is likely the vessel size. In addition to previous reports, Feldman and colleagues (13, 21) demonstrated that vessels Ͼ3 mm in diameter are associated with higher rates of primary fistula success. Although Feldman et al. reported that a history of cerebrovascular disease and cardiovascular disease, increasing age, and dependence on dialysis at the time of fistula creation predicted primary fistula success, it should be noted that whether to attempt an AVF in the study by Feldman et al. was not based on vessel size measurement (as it was in our study for surgeons who used approach 1). As illustrated, these comorbid factors may be surrogates for vessel size. If the surgeons are able to measure vessel size either pre-or intraoperatively, then fistula success may not be associated with the presence of comorbidities. Although we did not have information on specific vessel size pre-or intraoperatively, we did note that surgeons in our study who followed an algorithm of vessel size measurement using catheters had better results in brachiocephalic fistulas. This is consistent with evidence from retrospective, nonrandomized studies that suggested that preoperative vein mapping by duplex ultrasonography may improve primary fistula success rate (12, 22) . Preoperative venous mapping is able to identify patients with adequate arterial and venous diameter and therefore may increase the likelihood of fistula success. Our results are consistent with those of Mendes et al. (23) , who used preoperative ultrasound vein mapping in eight different locations of the arm. In a single center of 44 patients, they found that vein diameter Յ2.0 mm was associated with high (76%) failure rate to maturation regardless of age, race, and gender. Our findings may be more generalizable to the majority of North American centers, where venous mapping by preoperative ultrasound is not routinely performed.
Lok et al. (14) presented the largest multicenter study to date that examined the predictors of fistula failure to mature. A prediction model for fistula failure to mature was derived from a cohort of 422 patients and then validated in five different centers. Age, white race, peripheral vascular disease and coronary artery disease, but not age or diabetes were found to be significant predictors of fistula failure to mature. No detailed preoperative radiologic mapping or intraoperative assessment of vessel size was performed, and this may explain the differences in results noted between their study and ours.
Although many studies suggest that male gender is associated with higher rates of primary fistula success (24, 25) , other studies, including the one by Lok et al. (14) , have not noted such an association. Moreover, Caplin et al. (26) reported equal AVF success rates and prevalence in both women and men. In their center, preoperative vascular mapping was routinely performed using duplex ultrasound. There was no difference in arterial sizes between women and men, but venous sizes were not reported. This might further support the notion that vessel size might be the ultimate determinant of AVF success. As noted, the controversy may be due to variable patient selection methods for choosing men and women for AVF surgery.
Our study has several limitations. Although this study is the third largest cohort study to examine the predictors of AVF failure, our study enrolled a relatively small number of patients. The risk of type II error (i.e., declaring that no risk factors for fistula success exist when in fact they do) would be reduced if we had more study patients. Perhaps the biggest limitation of our study was that we did not have a direct measure of vessel size in patients. We did have an indirect measure of vessel size but only in patients who were in surgeon group 1. As such, we can only postulate that comorbid conditions affect AVF success through vessel size. Future studies should measure patient comorbidity and vessel size accurately, thereby enabling this hypothesis to be tested. Finally, although there is some evidence that late referral to nephrologists is a risk factor for primary fistula failure, information on this factor was not collected in this study.
Conclusions
Our study demonstrates that a higher proportion of AVF success is achievable in a North American HD population and strongly supports the recommendations made by K/DOQI. In addition, our data suggest that vessel size is likely the ultimate determinant of fistula success. If surgeons assess vessel size perioperatively, then the presence of significant patient comorbidity itself should not preclude AVF from being attempted as the initial access. Better assessment of vessel size either pre-or intraoperatively may improve rates of primary access success, although this requires further study. It is reasonable to consider brachiocephalic fistula in older and female patients.
